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This study aimed to investigate the aggregatory and antiaggregatory effects of
various imidazoline and non-imidazoline alpha-adrenergic agents on human blood
platelets.

Blood samples were taken from normal volunteers using 3.2% sodium citrate
as an anticoagulant. Platelet aggregation was assessed by the turbidimetric method using a
Chronolog aggregometer. Norepinephrine (NE, 4uM) and adenosine diphosphate (ADP,
4uM) were used as aggregating agents. All imidazolines, clonidine, idazoxan, antazoline,
tolazoline and non-imidazoline compound, yohimbine, were able to inhibit NE-induced
platelet aggregation. The rank order of potency was idazoxan (ICs, = 4.21x10°*M) >
yohimbine (ICsp = 3.40x10”7 M) > clonidine (ICsp = 4.56x10”"M) >antazoline (ICsp =
2.85x10°M)> tolazoline (ICso = 1.64x10°M). Clonidine, idazoxan and yohimbine were
used to investigate whether the inhibitory response of clonidine on NE-induced platelet
aggregation is solely due to alpha,-adrenoceptor activation. Yohimbine and idazoxan at
the concentration 10°M and 10”M cannot reverse the inhibitory effect of clonidine,
whereas at the concentration of 10°M, both yohimbine and idazoxan inhibited the effect
of NE-induced platelet aggregation. Clonidine-displacing substance (CDS), a putative
endogenous ligand at imidazoline receptor, was found to inhibit NE-induced platelet
aggregation. The maximum unit of CDS (0.25 unit) used in this study showed 40%
inhibition. Unlike NE, all agents used in this study did not show any potentiation or
inhibitory effects on ADP-induced platelet aggregation at the concentration below 10°M.
However, the potentiated effect of clonidine on ADP-induced platelet aggregation was
reversed by alpha,-adrenergic antagonist, idazoxan and yohimbine.

In conclusion, alpha-adrenergic agents which have an imidazoline structure
effectively inhibit NE-induced human platelet aggregation. The inhibitory effect of
imidazoline compounds is more sensitive to NE-induced aggregation than ADP. The
results from this study suggested that imidazoline a-adrenergic agents have significance
in pharmacological therapy for the conditions under which platelet hyperreactivity to NE
occurs. In addition, CDS may be the endogenous modulator to prevent this condition.
However, the mechanism by which non-adrenergic imidazoline receptor is associated
with this inhibitory effect of imidazoline compounds on NE-induced platelet aggregation
remains to be further investigated.
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CHAPTER1

INTRODUCTION

In human, it is known that epinephrine-induced platelet aggregation is mediated
by alpha2-adrenoceptors because it is antagonized by alpha;-adrenoceptor antagonists,
such as yohimbine, phentolamine, idazoxan, but not by alphal-adrenoceptor
antagonists, phenoxybenzamine and prazosin (1,2,3,4). The studies of alpha-
adrenergic action in platelets have been extended by the identification and
characterization of alpha-adrenoceptors on platelet membranes or intact platelet using
radiolabeled alpha-adrenoceptor agonist and antagonists, such as [H)-
dihydroergocryptine, [*H]-phentolamine. The results have demonstrated the existence
of alpha-adrenoceptors (alphal and alpha2-adrenoceptors) on human platelet
membranes (5,6,7,8).

Several substances can activate platelets. Imidazoline compound such as
clonidine which previously known to possess ay-adrenergic activity, has been shown
to exert complicated effects on platelets. Clonidine itself induces only small
aggregation of human platelet (1). The mechanism is partly due to inhibit adenylate
cyclase (11,12,113). Surprisingly, it inhibits the actions of norepinephrine and
epinephrine on platelets (9,10). Moreover, clonidine is able to potentiate ADP-
stimulated platelet aggregation at the concentrations that inhibit epinephrine-induced

platelet aggregation (6).
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From evidence mentioned above, it has been suggested that imidazoline
compounds may interact with non-alpha2-adrenoceptor binding sites on human
platelets. Two imidazoline compounds was found to inhibit platelet adenylate cyclase
through non-alpha2-adrenoceptor mechanisms, because the effects can not blocked by
alpha2-adrenoceptor antagonist, yohimbine (14). Recent studies have revealed the
existence of non-adrenergic, imidazoline(I)-preferring binding sites (Il and I2
receptors) that are pharmacologically distinct from alpha2-adrenoceptors in human
platelets (15,16,17,18). Taken together, imidazoline compounds may activate
additional binding site to produce the final response.

In human platelets, epinephrine is known to potentiate the aggregation induced
by low concentrations of other platelet agonists such as ADP (7,19,20), collagen (20),
thrombin (21), platelet-activating factor (19), serotonin (22), vasopressin (23).
However, the mammalian platelets other than human platelets vary widely in their
responses to catecholamines and other adrenergic agents. Most of the non-human
mammalian platelets have been described not to induce aggregation when challenged
with epinephrine and only to exert some potentiation effects to other platelet agonists
such as ADP, collagen and thrombin (24,25,26,27). Since there are inter-species
differences on platelet response to physiological agonists, the study of the effects of
imidazoline compounds on human platelet aggregation is one of the important aspects
to provide information on characteristics of the platelet receptors and the interaction
among them to maintain the normal hemostasis.

Therefore, this study aims to investigate the aggregatory and antiaggregatory
effects of various imidazoline and non-imidazoline alpha-adrenergic agents on human

blood platelets induced by 2 aggregating agents, epinephrine and ADP.
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CHAPTER I

OBJECTIVES

The objectives of this study are :

1. To examine the aggregatory and antiaggregatory effects of imidazoline and non-
ignidazoline o-adrenergic agents on human platelet aggregation induced by
norepinephrine (NE) and adenosine diphosphate (ADP) using turbidimetric
method in citrated platelet-rich plasma.

2. To examine the effects of clonidine-displacing substance (CDS), a putative
endogenous ligand at imidazoline receptor, on human platelet aggregation induced

by NE and ADP.
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CHAPTER 111

LITERATURE REVIEW

3.1 Imidazoline Receptors

The existence of sites that recognize imidazoline—containing ligands has been
proposed from cardiovascular studies using agonists like clonidine (28), an
imidazoline compound previously known to be a partial agonist at a,-adrenoceptor.
This site was found to be distinct from op-adrenoceptor. The functions of these
additional interaction sites for clonidine-like drugs were first demonstrated by Ruffolo
and colleaques (29). The hypotensive action of clonidine was thought to be due to the
stimulation of a,-adrenoceptors, similarly to that of other centrally acting drugs such
as methyldopa, guanfacine and guanabenz (30, 31). The site of hypotensive action of
these drugs was localized to nucleus tractus solitarii (NTS) (32) and that of their
sedative action to locus coeruleus (LC) (33,34). However, the hypotensive site of
action of clonidine was found later to localize in nucleus reticularis of rostral
ventrolateral medulla (RVLM) (35). More detailed analysis of the hypotensive action
of clonidine has led to conflicting results. Microinjection of clonidine into the NTS
elicited hypotensive action only if relatively large dose was used (36). A weak partial
agonist activity (37, 38) and an antagonistic effect of clonidine on of a-adrenoceptors
have also been reported (39). Moreover, this drug was ineffective in certain

circumstances when the other of a,-adrenergic agonist had a full action.
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Distinction could be made between the effect of substances with
phenylethylamine structure and imidazoline structure. Previous evidence showed an
unexpected decrease in blood pressure after injection of phentolamine (a mixed a;-,
op-adrenergic antagonist which is imidazoline compound) into the fourth ventricle
further supported this view (40,41). The H, antagonist cimetidine (an imidazol(in)e
compound) was found to decrease blood pressure when it was given into RVLM, and
to inhibit the hypotensive action of intra-cerebroventricularly administered clonidine.

The hypotensive action of clonidine may, therefore, involve a second pathway
that is independent on a,-adrenoceptor stimulation. The following evidence support
this view:

1. The site of action of clonidine, a substance with imidazoline structure, is
partially distinct from that of those a-adrenoceptor agonists, which has no
imidazoline structure; (32,33,34,35)

2. Drugs having a more seclective effect on oj-adrenoceptors (guanfacine,
guanabenz and a-methyl-noradrenaline) are not more potent in decreasing
blood pressure than clonidine; (30,31)

3. The H,-blocker, cimetidine, and phentolamine do not decrease blood pressure
when given orally, but they do have a hypotensive effect when administered
into the RVLM. Both drugs are imidazoline compound; (42,43)

4. The site of sedative effect of clonidine can anatomically and functionally be
clearly differentiated from that of hypotensive action. (42,43)

The hypothesis of a non-adrenergic mechanism participated in hypotensive effect

was proved by Bousquet et al (44). They found that administration of cirazoline (an

imidazoline o;-adrenergic agonist) into nucleus reticularis of RVLM decreased blood
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pressure while a-methylnoradrenaline, which is a selective potent agonist at aj-
adrenoceptors, had no such effect (44). Microinjection of noradrenaline, a potent o~/
o,- and f,-/B,- adrenoceptor agonist, into the RVLM had no effect on blood pressure
(45).
By now it is clear that clonidine has a dual action on blood pressure. It stimulates
not only az-adrenoceptors, but also imidazoline I-1 receptors (44,46).
3.1.1 Characterization and Localization of Imidazoline Receptor
Imidazoline binding sites have been described by Ernsberger et al. (47), using
membrane preparation of the bovine ventrolateral medulla labeled with tritiated para-
amino-clonidine. Catecholamines cannot displace the binding at this site. Two
subpopulations of imidazoline receptors have been described, imidazoline I-1 and I-2
receptors. The former can be labeled by both clonidine and idazoxan, whereas the
latter can be labeled only by idazoxan. The affinity of clonidine to the idazoxan-
binding sites is very low, while that of the idazoxan to the clonidine-binding sites is
relatively high (48,49). Idazoxan-binding sites are also sensitive to guanozides (50,51).
The structures of imidazoline compound are shown in figure 1. Imidazoline compound
like cirazoline cannot distinct between I-1 and I-2 receptors (52). Separation of the I-1
and I-2 receptors using clonidine-, idazoxan- or cirazoline-labeling was not successful
in the human striatum (53). Some I-2 receptors are sensitive also to amiloride while
others are not. This makes it possible to distinct to, at least, two I-2 receptor
populations, I-2a and I-2b (51,54,55). The order of affinity of ligands revealed the

possibility for the existence of the third type of imidazoline receptors, the non-I-1 non

I-2 receptors.
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I-1 receptors are localized within the cell membrane. Clonidine, rilmenidine,
moxonidine, idazoxan, cirazoline, cimetidine, and phentolamine bind to this type of
receptors (18,49,56). High density I-1 binding sites have been described in membrane
preparation of medulla oblongata from human, bovine, rat, rabbit brain and also in the
pressor area of nucleus reticularis of RVLM (56,57,58). Bovine and human I-1
receptors in the RVLM showed similar characteristics. I-1 receptors were also
described in other brain regions, such as cortex (48), striatum and pallidum (58), and
hypothalamus (59). I-1 receptors outside of the brain have been identified: in the
chromaffin cells of the adrenal gland (60), in the renal proximal tubuli (49,50), in the
platelets (15, 17), in the NG-10815 neuroblastoma-glioma cells, in PC12 cells (61) and
in the glomus caroticum (62). Low affinity binding sites for tritiated clonidine were
also found in membrane preparation using bovine RVLM (63), rabbit brain and kidney
(64). Latent or inactive form of receptors or artificial, proteolytic degradation of
receptors may result in the reduced affinity.

Imidazoline I-2 receptors have been described on the outer membrane of
mitochondria (46,54). These sites cannot be distinguished from those regulating MAO,
but not of the Mve catalytic sites of the enzyme (46,54). In the human and rat brain
the distribution of I-2 binding sites is closed to the localization of MAO-B but not of
MAO-A (65). Mitochondria in practically every tissue have MAO-activity, while the
presence of I-2 receptors is tissue specific (66). Affinity of ligands to I-2 receptors is
in the nanomolar range, while they can inhibit MAO-B only at much higher,
micromolar concentration (67). It is possible that some forms of MAO can bind drug
with imidazole structure, but I-2 receptors and MAO-B are not identical everywhere

(58). I-2 binding sites have been identified in mitochondria brain membrane
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preparation from the cortex and striatum (55) and in the glia cells (68). At the
periphery I-2 receptors have been localized in the pancreas (69), liver (70), prostate
7 1,72), urethra (72), placenta (71), kidney (50), epithelial cells of the colon (73),
vessel wall and endothelial cells (74), glomus caroticum (62), adrenal medulla (75),
platelet (17), adipocytes (76).

Imidazoline non-I-1, non-I-2 receptors have been described on the axon terminal
of postganglionic sympathetic neurons, on rabbit aorta, pulmonary artery, heart and
iris (77), on rat kidney (78) and on human atria and pulmonary artery (79). In addition,
in the brain cortex, imidazoline-binding sites have been identified to which the affinity
of tritiated rilmenidine was different from the characteristic of I-1 or I-2 receptors

(80).

3.1.2 Ligands for Imidazoline Receptors

Identification of a substance binding to a certain receptor as an agonist is only
possible if the function mediated by the receptor is well characterized. The biological
functions mediated by imidazoline receptors are only partially known, therefore
ligands are mentioned instead of agonists or antagonists. Several radioligands have
been used to identify and characterize imidazoline receptor.

Ligands for I-1 Receptors

Clonidine, rilmenidine and moxonidine are substances with the highest affinity
for I-1receptors localized mainly in the brain stem. These drugs are agonists in the rat
brain stem (81). Substances that are thought to have antagonistic activity on I-1

receptors are BDF-6143 (I-1 receptors), efaroxane (I-1 > I-2 > aj-adrenoceptors), and
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idazoxan (I-1 > I-2 > «-2 adrenoceptors). Epinephrine, guanabenz, rauwolscine
practically do not bind to I-1 receptors (82).

Ligands for I-2 receptors

Idazoxan and its analogs, BU 224 and BU 239 are more selective for imidazoline
receptors than for o,-adrenoceptors, but they do not differentiate substantially between
I-1 and I-2 receptors (48,53). Efaroxane also binds to I-2 receptors, but with very low
affinity. Studies on the binding of rilmenidine to I-2 receptors did not result in
conclusive evidence: high affinity (82) as well as low affinity binding (52,55,65) has
also been reported. Tolazoline isothiocyanate, cirazoline and naphazoline were
reported to have high affinity for I-2 receptor (83). The non-imidazoline such as
guanoxan, guanabenz and amiloride can also bind to I-2 receptor (84). Clonidine has a
very low affinity while adrenaline and rauwolscine practically do not bind to I-2
receptors. New, more selective ligands for I-2 receptors are tracizoline and benazoline
(85).

3.1.3 Endogenous Ligands for Imidazoline Receptors

Identification of endogenous ligands for imidazoline receptors has led to the
discovery of various substances but no exact compound has been found. Three
substances are potential candidates for being the endogenous ligand to imidazoliﬁe
receptors: clonidine displacing substance (CDS), immunoreactive CDS and agmatine.

CDS was found to bind to I-1 receptors in the RVLM (86), to basal membrane of
renal proximal tubuli (40), to chromaffin cells of the adrenal medulla (87) and

recognize both I-1 and I-2 receptors.
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Effects of CDS resemble those of clonidine mediated ap-adrenoceptors on human
platelet (88), on rat vas deferens (89), as well as by imidazoline receptors on gastric

fundus (89), and on chromaffin cells of adrenal medulla (87).

3.1.4 Functional role of Imidazoline receptors

Cardiovascular Effects

There has been only indirect evidence that substance with imidazoline structure
acts via binding to imidazoline receptors. Drugs acting preferentially on imidazoline
receptors influence blood pressure while they have no or very little effect on heart rate,
breathing or alertness. Their central site of action was localized in RVLM, called
nucleus reticularis (20,22). Imidazoline agonist agents decrease the metabolism of
neurons in the nucleus reticularis lateralis and this decrease correlates well with the
hypotensive action (90). The I-1/a-2 antagonist, idazoxan, blocked but yohimbine (a.-
antagonist) did not affect either the hypotensive action or the suppressive effect on
neuronal activity of I-1 agonists. These I-I receptors probably have a tonic action as
the I-1/2 antagonist, efaroxan, applie;d into this nucleus increase blood pressure (56).
Clonidine, rilmenidine and moxonidine, the I-1 agonist drugs, decrease the neuronal
activity of RVLM, they suppress the efferent sympathetic activity, and as a
consequence, decrease total peripheral vascular resistance and blood pressure.

Renal Effects

Peripheral I-1 receptors in the renal proximal tubule may also contribute to the
control of blood pressure. This effect is not similar to that of aj-adrenoceptor
stimulation which increases diuresis, probably via the inhibition of the effect of

vasopressin, as the free water clearance increases. Upon stimulation of imidazoline
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receptors, osmotic clearance diuresis and natriuresis increases (91). This may be a
direct renal effect or a combined, central plus peripheral receptor activation (92).

Metabolic Effects

Hypothalamic I-1 receptors may have a role in regulation of glucose metabolism
as i.c.v administered agmatine has an antihyperglycemic effect (93). Furthermore,
moxonidine increased insulin secretion and improved glucose tolerance in obese
spontanously hypertensive rats and decreased food consumption and prevented the
increase of body weight (82). On isolated pancreatic f-cells moxonidine acutely
inhibited but chronically stimulated the release of insulin (94). Imidazoline receptors
mediating these metabolic actions can be of non-I-1 non-I-2 subtype. These possible
I-2-related effects may be a consequence of the inhibition of adenosine triphosphate
(ATP)-sensitive K-channels (95).

Other Effects

Imidazoline receptors may mediate secretion of epithelial cells in the trachea and
prostatic gland (96) and constriction of pupilla (56). They possibly contribute to the
regulation of ocular pressure (97) and temperature (98).

In rats, idazoxan prevented focal cerebral ischemia (99) and increased fluid
consumption as well as diuresis (100): These actions are probably related to binding to
imidazoline receptors since o-adrenoceptor agonists were not effective. In addition,
idazoxan inhibits the proliferation of vascular smooth muscles and this effect
correlates with the binding affinity to I-2 sites (58).

Since I-2 receptors partly relate to the regulation of MAO enzyme, some effects
of imidazoline maybe related to the altered activity of MAO. In the mitochondrial

preparation of brain cortex and putamen from patients with Parkinson's disease no
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change in the density of binding sites was reported (101). On the other hand, an

increase in 1-2 binding sites was reported in the brain from patients with Alzheimer's

disease and from those who had committed suicide (102). However, a decrease in [-2
binding sites has also been reported in the brain of human who had committed suicide

(103). The density of I-2 binding sites was found to increase with age (65).

Summarization of the differences between I-1 and I-2 imidazoline receptors.

1. I-1 receptors bind preferably clonidine, moxonidine and rilmenidine, while I-2
receptors bind preferably idazoxan;

2. I-1 receptors have low affinity for guanides, while I-2 receptors have high affinity
for guanides;

3. I-1 receptors are localized on the cell membrane, while I-2 receptors are connected
to mitochondrial membrane;

4. 1-1 receptors have not been found on glia cells, while I-2 receptors were shown to
localize on glia cells;

5. I-1 receptors are not coupled with MAO, while I-2 receptors are coupled with this
enzyme;

6. I-1 reéeptors proteins have molecular weights of 43 kDA, 85 kDA, 33 kDa, while
I-2 receptor proteins have molecular weights of 29/30 kDa, 63 kDa, 59 kDa, 70
kDa, 60 kDa

7. 1-1 receptors are sensitive to guanine nucleotides, while I-2 receptors are not;

8. I-1 receptors are not coupled with K-channels, while I-2 receptors do not have an
action on K channel;

9. I-1 receptors play an important role in the regulation of cardiovascular, renal and

metabolic process, while I-2 receptors may play a role in the regulation of K-
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channels of MAO-enzyme, of mood, affection, and possibly in the pathogenesis of

depression and Alzheimer's disease.

3.2 Human Platelet Activation

Platelets serve a variety of functions in the circulation. Their major role is the
participation in hemostasis, minimizing blood loss and promoting wound healing.
Many diverse substances can activate platelets. Because platelets are very sensitive to
these agents and react within seconds after exposure to these stimuli, the process of
platelet activation must be highly regulated. Platelets show different responses that can
be studied separately in vitro but that are closely linked during hemostasis in vivo:
adhesion and shape change, aggregation and secretion. Although platelet stimuli and
platelet responses are quite diverse, it is emerging that platelet activation is regulated
by a distinct number of mechanisms. Common to all physiological stimuli is the
binding to specific receptors on the platelet surface.

3.2.1 Platelet Responses

Platelet responses can be classified into two categories that may be related to
different functions of platelets in vivo: first, the reversible platelet responses, including
adhesion, shape change, and primary reversible aggregation and second, the
irreversible platelet responses that comprise release reaction and secondary
irreversible aggregation. The reversible platelet responses might be related to the not-
well-understood physiological function of platelets, such as closing of gap of
endothelial cell lining, secretion of growth factors from a-granules (104), and repair of
small defects in the subendothelium; the irreversible responses are involved in the

hemostatic function of platelets.
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Resting platelets are discoid and have a smooth, rippled surface. The first
physiological responses on stimulation are platelet adhesion and shape change.
Physiological vasodilatation, which leads to gaps of the endothelial lining, or
pathophysiological vascular injury causes the exposure of subendothelial tissue.
Platelets adhere to the subendothelial material by interacting with two specific
macromolecular proteins: collagen and von Willebrand factor (vWF). Platelet
adhesion proceeds in two distinct phases: an initial contact phase in which a platelet is
bound to the vessel wall by a small amount of membrane or through pseudopodia.
Then the subsequence spreading phase in which the platelet is more intimately bound
to the subendothelium by a large amount of membrane (105,106). Platelets can also
adhere in vitro to collagen fibers or to artificial surface such as glass.

If platelets are in suspension, the first response on stimulation is platelet shape
change. Shape change is characterized by the spheration of the platelet body and the
extrusion of pseudopods (107). In addition, the membrane surface becomes irregular
and folded. Spheration of the platelet occurs before pseudopod formation and is
observed within a decay time of 2-3 second (108). After an intermediate phase with
short pseudopods is extended 7-8 second after addition of the stimulus (107). One or
two pseudopods can, however, also be found on unstimulated discoid platelets present
in platelet-rich plasma (107). Various microscopic and turbidimetric techniques have
been applied to measure platelet shape change. The decrease of light transmission and
the disappearance of oscillations of a stirred platelet suspension in the aggregometer
monitor the change from discoid to spheroid shape but not the formation of
pseudopods (109). All platelet stimuli, except epinephrine, induce full platelet shape

change (107). Epinephrine induces only some pseudopod formation without spheration
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(107). This indicates that platelet spheration and pseudopod formation are separate
independent events.

Two types of aggregatory responses can be distinguished in vitro: a primary
aggregation that is reversible and occurs without release reaction and a secondary
aggregation that is irreversible and associated with the release reaction. Platelet
aggregation is usually studied by the increase of light transmission in an
aggregometer. The early platelet aggregation is, however, much more sensitively
monitored by measurement of single platelet disappearance and particle counting than
by light-transmission measurement (110). Primary, reversible aggregation is induced
by low concentrations of platelet stimuli in the presence of extracellular Ca’* and/or
Mg*" in the platelet buffer. Platelet aggregation and disaggregation is associated with
fibrinogen binding to and dissociation from its receptor. Platelet aggregation requires
exposure of fibrinogen receptors to which fibrinogen binds in the presence of
extracellular divalent cations. The mechanisms involved in the exposure of fibrinogen
receptors regulate aggregation. The irreversible aggregation observed after high
agonist concentrations is mainly a consequence of the release reaction. The formation
of large irreversible platelet aggregates is mediated by endoperoxides (Eps) and
thromboxane A, (TxA;) formed from phospholipid-derived arachidonic acid, ADP and
Ca®" secreted from dense granules, and adhesive proteins secreted from o-granules
(111).

3.2.2 Platelet agonists and receptors

Platelet activation is a complex process with many stimuli and multiple signal-

transduction and effector mechanisms involved. Platelets have specific receptors for
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several agonists, and receptor occupancy is coupled to execution of various platelet
responses.

Adenosine Diphosphate (ADP)

The discovery that ADP aggregates platelets was a major advance in
understanding platelet function. ADP is effective in low concentrations, less than 1.0
uM, which can readily be derived from endogenous sources in the platelets. The
ability of ADP to aggregate platelet is unique. Other nucleotides are either inactive or
active only in at much higher concentration (112).

ADP-induced aggregation may be reversible, biphasic, or irreversible, depending
on the concentrations of the reagent used (113). The aggregometer tracing of the effect
of ADP on human platelet rich plasma is shown in figure 2. In this experiment, at low
concentration of ADP (1.0 uM), reversible aggregation occurs. The initial platelet
aggregation produces an increase in light transmission. This is followed by
disaggregation and a decrease in light transmission. With higher concentration of ADP
(2.0 pM), a biphasic curve is observed, the initial increase in light transmission is
succeeded, after a pause, by a second increase light transmission indicating further
aggregation which proceeds to near completion. The second phase is largely caused by
endogenous ADP release from storage granule by the release reaction (114). At higher
concentration of ADP (5.0 uM), marked and prolonged aggregation occurs in only one

phase.
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Figure 1 Aggregometer tracings of effect of ADP on citrated human platelet-rich
plasma at 37°C. Note that with the instrument used, increasing light transmission
causes a downward deflection.

ADP induces not only platelet shape change, exposure of fibrinogen binding
sites, and aggregation, but also the influx and intracellular mobilization of Ca®*
(115,116). Another important aspect of ADP-induced platelet activation is that ADP
inhibits adenylate cyclase activity stimulated by prostaglandins (117). However, no
relationship has been established between the ability of ADP to aggregate platelets and
to inhibit the stimulated adenylate cyclase activity in vivo or in vitro (118). The signal

transduction mechanisms underlying these two ADP-induced platelet responses

remain either unclear or less well understood.
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Epinephrine

Catecholamines are important agonists for platelet activation. Although the
epinephrine concentrations needed for platelet activation in vitro are much higher (>
0.1 pM) than the level present in circulating blood (0.1 nM) (119), relatively low
concentrations of epinephrine (10 nM) can potentiate platelet responses to other
agonists (120).

Epinephrine has two separate effects on platelets: it induces aggregation and
inhibits adenylate cyclase (10). Epinephrine elicits a primary aggregation response in
citrated platelet-rich plasma but less in hirudin platelet-rich plasma (121). However,
this effect is different in other mammalian species. Elephant seal platelets collected
into sodium citrate are unresponsive to epinephrine (122).

Epinephrine-induced platelet aggregation is a direct effect of epinephrine and is
independent of the extracellular presence of ADP or other platelet stimuli (123). Both
of the effects, aggregation or potentiation of aggregation to other agonists and
inhibition of adenylate cyclase, are mediated through a,-adrenergic receptors
activation (1,2,3,4). Human platelets possess, in addition to a,-adrenergic receptors
(150450 sites/platelet), B,-adrenergic receptors (60 sites/platelet) mediated platelet
inhibition is coupled to adenylate cyclase stimulation (124). The effects of epinephrine
on platelet and on adenylate cyclase are dependent on the relative densities of a;-and
Bz-@energc receptors, which vary from species to species (124). For example, rats
that have equal numbers of oy-adrenergic and B,-adrenergic receptors per platelet
show an inhibition of platelet function after exposure to epinephriqe (124).

Several lines of evidence indicate that aggregation and inhibition of adenylate

cyclase are mediated by a-adrenergic receptor (1,2,3,4). This is the case for ADP, the
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inhibition of adenylate cyclase by epinephrine and the induction of the aggregation
response are separate, independent events. Epinephrine added to human platelet-rich
plasma induces a primary aggregation response and an increase rather than a decrease
of cAMP levels (125). Furthermore, epinephrine but not an inhibitor of adenylate
cyclase potentiates stimulus-induced aggregation and secretion (126).

On the basis of the effect of a,-adrenoceptor analogues on aggregation and
adenylate cyclase inhibition, four groups of a-adrenergic agonists and antagonists can
be distinguished (11).

Group I contains compounds that are agonists for both responses (epinephrine
and the equipotent imidazoline derivative UK 14304).

Group II contains compounds that are agonists for inhibition of adelylate cyclase
but antagonists for the aggregatory response.

Group 11I contains compounds that are agonists for the aggregatory response but
antagonists for inhibition of adenylate cyclase by epinephrine (guanabenz, clonidine,
oxymetazoline, xylazine).

Group IV contains antagonists for both responses (yohimbine).

Although this classification convincingly establishes different receptor sites for
inhibition of adenylate cyclase and induction of aggregation, it is important to note
that the analogues in group III are partial agonists with only very weak agonist activity
for the aggregatory response (4).

Certain imidazolines, although prototypic «y-adrenoceptor ligands, have
nonetheless long been speculated to exert novel effects on platelet though non o,-
adrenoceptor mechanism (2). Clonidine, for example, acts as a weak agonist to inhibit

adenylate cyclase and induce platelet aggregation. Surprisingly, clonidine can also
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partially antagonize the action of NE on platelet (9,10). Furthermore, at the same
concentrations that clonidine antagonizes EPI-stimulated platelet aggregation,
clonidine potentiates ADP-stimulated aggregation (6). To explain these divergent
actions, Grant and Scrutton (2) proposed the existence of o,- and ap-adrenergic
receptors on platelets. However, a.;- adrenoceptors have not been detected on platelets
(7). Ferry et al have reported that the two imidazoline compounds (KUM32 and CBS
1276) act solely through non a,-adrenoceptor mechanisms to inhibit platelet adenylate
cyclase because their effects were not blocked by the a-adrenoceptor antagonist
yohimbine. The recent studies have revealed the existence of nonadrenergic,
imidazoline-preferring binding sites (I1 and 12 receptors) that are pharmacologically

distinct from o-adrenoceptors in human platelet (14).

3.3 Platelet aggregation and signal transduction mechanisms
3.3.1 ADP-induce platelet aggregation and inhibition of adenylate cyclase
ADP-induced platelet aggregation requires influx of Ca®* as well as
mobilization of Ca?* from the intracellular stores. It is a complex process that involves
a number of steps leading to the activation of phospholipase C (PLC).

As depicted in figure 2 binding of ADP to its receptor on the platelet surface
activates the Na'/H' exchanger (NHE), leading to a cytosolic pH gradient (pH)
favorable for the activation of cytosolic phospholipase Az (CPLA;). ADP-induced
activation of the NHE in platelets is probably mediated by the P, purinoceptor subtype
T (P,T) (127). Activation of the cPLA; is also aided by the ADP-induced influx of
Ca”* by a receptor-operated channel (ROC) mechanism involving the P,X;

purinoreceptors (128,129). The activated cPLA, catalyzes the hydrolysis of
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phospholipids such as phosphatidylcholine (PC) to arachidonic acid (AA), which is
cyclized to prostaglandin endoperoxides PGG,/PGH: by cyclooxygenase (CO)
followed by their conversion to thromboxane A; (TXAz) catalyzed by thromboxane
synthetase (TS). Prostaglandin endoperoxides PGG»/PGH, and TXA, (which diffuse
out of the membrane) activate PLC, leading to the formation of PLC hydrolysis
products IP; (inositol (1,4,5)-triphosphate) and DAG (diacylglycerol) from
phosphatidylinositol 4,5-biphosphate (PIP2). Protein kinase C (PKC) is activated to
PKC* by DAG, its physiological activator. DAG, Ca’" and PKC* mediate secretion of
small molecules, e.g. ADP, ATP and 5-HT (5- hydroxytryptamine, serotonin), from
the dense granule (Dns Gmn). IP; also release Ca’" by binding to its receptors through
ROC in the IPs-sensitive storage granules [dense tubular system (DTS)]. The plasma
membrane Ca?’-ATPase along with a passive leak mechanism in the membrane is
involved in maintaining steady-state levels of Ca’" in the resting platelet (130). ADP-
induced activation of the NHE also lead to the exposure of fibrinogen-binding sites,
the glycoprotein IIb-IIla complex (oumP3 integrin). In the presence of Ca’*, binding of

fibronogen to its receptor leads to platelet aggregation.
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Figure 2 Mechanism of activation of cPLA, and PLC in ADP-induced platelet
aggregation

The sequence of events shows that the activation of cPLA, precedes the
activation of PLC in platelets stimulated by ADP. The sequence of events probably
involves binding of ADP to the P2T receptor in platelet (127). However the
mechanism of ADP induced platelet activation does not explain the nature of the
molecular mechanism by which ADP inhibits the stimulated adenylate cyclase while
aggregation platelets at the same time. The mechanism lead to the suggestion that
there might be two different signal transduction mechanisms for ADP-induced platelet

aggregation and ADP-induced inhibition of the adenylate cyclase activity.
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3.3.2 Epinephrine-induce platelet aggregation and inhibition of adenylate cyclase

In human, epinephrine-induced platelet aggregation and inhibition of adenylate
cyclase are mediated by alpha2-adrenoceptors. The alpha2-adrenoceptor from human
platelets has been purified to homogeneity and characterized as being a single 64 kDA
glycoprotein (131).

In the presence of GTP or stable guanine nucleotides (GTPyS), activation of G;
by alpha2-adrenoceptor stimulation leads to three distinct molecular events:

1. inhibition of adenylate cyclase (132)
2. conversion of the alpha2-adrenergic binding site from high to low affinity (133)
3. stimulation of GTPase activity (134).

The activation of G; by epinephrine has been measured by the release of
labeled guanine nucleotide analogues from platelet membrane (135). It was found that
the maximum amount of [*H]guanylylimidodiphosphate released from nplatelet
membrane after alpha2-adrenoceptor stimulation correlated with the number of
alpha2-adrenoceptors (136).

It seems that in intact platelets only a brief interaction between ligand and
receptor is needed to induce a persistent inhibition of adenylate cyclase (136).
Inhibition of adenylate cyclase by epinephrine in platelet membranes is GTP
dependent and mediated through G;. Pertussis toxin-induced ADP ribosylation of G;,
which prevents receptor-induced G; dissociation, abolishes the effect of epinephrine on
adenylate cyclase and GTPase in platelet membrane (137). Inhibition of adenylate
cyclase by epinephrine is also diminished by proteolytic treatment of platelet

membrane with chymotrypsin, which degrades G; (138).
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Addition of stable guanine nucleotides to platelet membrane converts the high-
affinity state of the alpha2-adrenoceptor toward agonists to the low-affinity state
(133). The high affinity state seems to represent the alpha2-adrenoceptor coupled to
the G; protein (133). Activation of G; by stable guanine nucleotide analogues induces
dissociation of G; into its subunit and uncoupling from the receptor. Some
investigators suggest that the high-affinity form of the alpha2-adrenoceptor cannot
exist in resting platelets in the presence of the high physiological GTP concentration.
They speculate that binding of the agonist to the receptor induces the high-affinity
state that couples in the presence of GTP to G; to mediate the response. The alpha2-
adrenergic antagonists in this regard are inactive.

However, Lenox et al. indicates an alpha2-adrenoceptor reserve on intact human
platelet (10): only 10% of the alpha2-adrenoceptors needed to be occupied by
epinephrine to elicit a 50% inhibition of adenylate cyclase. The ECso for inhibition of
adenylate cyclase was found to be much lower than the ECs for displacement of ’H)
yohimbine. These finding are supported by a study of a familial platelet alpha2-
adrenoceptor defect (139). The platelets of the patients showed a pronounced
reduction of alpha2-adrenoceptors (37-70 sites/platelet) and an impaired aggregation
response to epinephrine, but the reduction of cAMP levels by epinephrine in the
patient's platelets was normal. It was concluded that fewer platelet alpha2-
adrenoceptors are required for epinephrine-induced inhibition of adenylate cyclase
than for aggregation.

Epinephrine acting through alpha2-adrenoceptors has been shown to activate
PLA2 in platelet (140). A link between G protein and PLA2 activation has been

provided by the GTP-induced arachidonate release in saponin-pemeabilized platelet



Fac. Of Grad. Studies, Mahidol Univ. M.Sc. (Pharmacology) / 25

(141). Experiments with NE-stimulated thyroid cells have provided evidence for a
direct G-protein coupled i'egulation of PLA2 independent of PLC (142). Gupta et al.
demonstrated that Gio2 inhibited PLA2 activity in chinese hamster ovary (CHO) cells
transfected with this protein. Furthermore, Gia2 involved in the receptor-mediated
regulation of PLA2 activity in CHO cells was shown to be pertussis toxin-sensitive
(143). These findings suggest that the G-protein, including Gia2, modulate PLA2

activity in platelets and other cell types.
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CHAPTER IV

MATERIALS AND METHODS

4.1 MATERIALS
4.1.1 CHEMICALS
Idazoxan hydrochloride (FW 240.7), Clonidine (2+(2,6-Dichloroaniline)-2-
imidazoline hydrochloride (FW 266.6), Adenosine-5'-diphosphate sodium salt from
equine muscle (FW 427.2), Yohimbine hydrochloride (FW 390.9), Antazoline
hydrochloride (FW 301.8), (+)Arterenol ((+)-Norepinephrine FW 319.3), Tolazoline
hydrochloride (FW 196.7) and Sodium citrate were purchased from Sigma.
The property of imidazoline and nonimidazoline a-adrenergic agents used in this
study are as follow :
Imidazoline agents Clonidine (o;-adrenergic partial agonist)
Idazoxan (a;-adrenergic antagonist)
Antazoline (devoid of az-a&energc activity)
Tolazoline (o-adrenergic antagonist)

Non-imidazoline agent Yohimbine (o,-adrenergic antagonist)

4.1.2 INSTRUMENTS
1. Chronolog aggregometer model 550, Chronolog corporation, Haverton PA,
USA with dual channel strip chart recorder

2. Beckman centrifuge (J-6B, USA) with Horizontal Rotor (SS-4.2)
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4.2 METHODS
4.2.1 Blood Sample Collection

Blood samples were taken from normal volunteers. Samples were transferred into
siliconized glass tubes containing 3.2% sodium citrate in a ratio of 9:1. The PRP was
prepared from the citrated blood by centrifugation (Beckman J-6B) at 120g for 15
minutes and upper clear supernatant was collected as platelet rich plasma (PRP). The
remaining lower portion was further centrifuged at 2300g for 15 minutes to obtain the
upper clear supernatant as platelet poor plasma (PPP). Both PRP and PPP were used in

the studies of platelet function by turbidometric method.

4.2.2 Preparation of reagent for aggregation test

Adenosine diphosphate was dissolved in double distilled water to make stock
solution (4.4 mM), then diluted with normal saline to obtain a final concentration of
4.0 uM. ()Norepinephrine was dissolved in double distilled water to make stock
solution (6 mM), then diluted with normal saline to obtain a final concentration of 4.0
puM. Each drug, clonidine, yohimbine, idazoxan, antazoline, tolazoline, was dissolved
in double distilled water to make stock solution (0.6mM), then diluted with normal
saline to obtain a final concentration of 10, 10°, 10, 107 and 10°M. CDS extract
was diluted with double distilled water. Five microliter of diluted CDS extract was
added to assay tube. A final concentration of 0.031, 0.062, 0.125 and 0.25 umt in 300
ul assay volume was obtained.

CDS extract has been prepared from porcine brain in this lab (151). 1 unit of CDS

is defined as amount of CDS that displace 50% of [*H]-clonidine binding to porcine

cerebral cortex membrane.



Piyada Songsermsakul Materials and methods /28

In the combined effects of a;-adrenoceptor agonist and antagonist experiments,
clonidine was dissolved in double distilled water to make stock solution (1.2mM),
then diluted with normal saline to obtain a final concentration of 10*, 107, 10%, 107

and 10°M.

4.2.3 Aggregation studies

Platelet aggregation was assessed by the turbidimetric method using a Chronolog
aggregometer (Model 550, Chronolog corporation, Haverton PA, USA) with dual
channel strip chart recorder. The test PRP sample of 250 pl was added into a
siliconized cuvette with a teflon coated stirring magnetic bar inside. The cuvette was
then placed in the temperature-controlled aggregometer equilibrating at 37°C for 2
minutes. Five microliters of agonist or/and antagonist, clonidine, yohimbine, idazoxan,
antazoline, tolazoline or CDS was added into PRP and left for an incubation period of
1 min at 37°C.. The sample was further equilibrated in order to obtain a steady
baseline by stirring at 1000 rpm for 1 min before adding an aggregating agent (ADP or
NE). For the experiments of combined effects of a,-adrenoceptor agonist and
antagonist, antagonist was added 4 min before addition of aggregating agent and
agonist was added 2 min before addition of aggregating agent. Finally, 5 ul of ADP or
NE was injected into the sample. Percent aggregation was determined after the final
addition of aggregating agent and was standardized by assuming that PPP represented
100% light transmission and PRP represented 0% light transmission. The aggregatory
response was recorded for 4 min for ADP and 5 min for NE. The change of light

transmission was recorded at the chart speed of 1 cm/min. The change of light
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transmission in the PRP compared to PPP was recorded as percent maximum

transmission (%LT).

4.3 Data analysis

All data were expressed as mean + SEM. The inhibitory effect of agents tested on
platelet aggregation, the concentration of the agent causing 50% inhibition of
aggregation (IC50) was determined from the concentration-response curve. For
comparisons between agents in the ICS50 value, the data underwent the analysis of
variance. When the F value was not significant, Student's t test was used to identify
significant difference between means. When a significant F value was found, a
Wilcoxon-Mann-Whitney test was used for the statistical evaluation. Differences were

considered significant at p < 0.05.
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CHAPTER YV

RESULTS

3.1 Effects of imidazoline agents and non-imidazoline a-adrenergic agents on
norepinephrine-induced human platelet aggregation.

Norepinephrine, at the concentrations from 10® to 10* M, was examined to
induce human platelet aggregation. In this study, 4 uM norepinephrine was chosen to
induce platelet aggregation since it was the minimal concentration that was found to
produce aggregatory response without reversible phase.

The present study found that all imidazoline compounds, either previously
shown to possess agonist or antagonist activity at a,-adrenoceptor, were able to inhibit
aggregatory response induced by norepinephrine (figure3).  The inhibitory

concentration (ICsp) values are shown in table 1.
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Table 1 Potencies of imidazoline agents and non-imidazoline a-adrenergic agent in
inhibiting human platelet aggregation induced by norepinephrine (4 uM). Each value

indicated the ICsp of the mean from 5 experiments.

Drug 1Cs M)

Imidazoline agents Clonidine 4.56x10”
Idazoxan 4.21x10*

Antazoline 2.85x10°

Tolazoline 1.64x10°°

Non-imidazoline agent Yohimbine 3.40x107

The rank order of potency in inhibiting platelet aggregation induced by
norepinephrine was idazoxan > yohimbine > clonidine > antazoline > tolazoline.
Idazoxan which is imidazoline a,-adrenergic antagonist was approximately 10 fold
more potent than non-imidazoline op-adrenergic antagonist, yohimbine. This
inhibitory effect may be due to the inhibition at a,-adrenoceptors. However, the
imidazoline compound like antazoline which is devoid of a»-adrenergic activity and
tolazoline which is o -adrenergic blocker also showed the ability to inhibit

norepinephrine-induced platelet aggregation.

5.2 Effects of (imidazoline and non-imidazoline) o,-adrenergic antagonists on
clonidine inhibited norepinephrine-induced human platelet aggregation.

Clonidine was the only agent used in this study that possessed ap-adrenergic
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activity. To investigate whether the inhibitory response of clonidine on
norepinephrine-induced human platelet aggregation is solely due to op-adrenoceptor
activation, the non-imidazoline ox-adrenergic antagonist was used to examine. As
shown in figure 4, yohimbine at the concentration 10® ~ 107 M cannot reverse the
inhibitory effect of clonidine, whereas at the concentration 10 M, yohimbine potently
inhibited the effect of norepinephrine-induced aggregation.  Idazoxan, the
imidazoline a-adrenergic antagonist, was used to compare with yohimbine. Similar

results have been shown for idazoxan (figure 5).

5.3 Effects of clonidine-displacing substance (CDS) on norepinephrine-induced
human platelet aggregation.

Clonidine-displacing substance (CDS), a putative endogenous ligand at
imidazoline receptor, was found to inhibit norepinephrine-induced human platelet
aggregation (figure 6). Although the concentration of the extract was not high enough
to display the whole range of inhibitory effect, 0.25 unit of CDS showed 40%

inhibition of norepinephrine-induced human platelet aggregation.

5.4 Effects of imidazoline agents and non-imidazoline a-adrenergic agents on
ADP-induced human platelet aggregation.

ADP (4 uM) is used to induce human platelet aggregation in his study. As
shown in figure 7, all agents did not show any potentiation or inhibitory effects on
ADP-induced platelet aggregation at the concentration below 10° M. Although

clonidine is previously known to stimulate ADP-induced human platelet aggregation
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at the concentration that inhibited epinephrine-induced, in this study clonidine showed
significant stimulatory effect at as high concentration as 10° M.
Other imidazoline compounds showed small inhibitory effects (20%) on ADP-

induced platelet aggregation at high concentration (10° =10 M).

5.5 Effects of (imidazoline and non-imidazoline) a-adrenergic antagonists on
clonidine potentiated ADP-induced human platelet aggregation.

Since only clonidine possesses partial agonist activity at o-adrenoceptors, the
potentiation effect of clonidine on ADP-induced platelet aggregation was examined in
the presence of ap-adrenergic antagonists, idazoxan and yohimbine. Surprisingly, in
this study clonidine did not showed significant potentiated effect on ADP-induced
platelet aggregation at low concentration. The potentiation effect of clonidine is
significant at the concentration of 10° M. However, idazoxan and yohimbine can

reverse this potentiation effect of clonidine, as shown in figure 8 and 9.

| 13099474
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Figure 3 Concentration—effect. curves of imidazoline and non-imidazoline -
J adrenergic agents on norepinephrine (4 uM) induceci human platelet aggregation. The
effects shown were percent of control response of maximum stimulation by
norepinephrine alone-induced aggregation. Values shown are mean + SEM of 5

experiments.
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Figure 4 The effects of (10® 10" M) yohimbine, a non imidazoline a-adrenoceptor

antagonist on clonidine inhibited norepinephrine (4 pM)-induced human platelet

aggregation. The effects shown were percent of control response of maximum

stimulation by norepinephrine alone-induced aggregation. Values shown are mean +

SEM of 5 experiments.
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Figure 5 The effects of (10® -10° M) idazoxan, an imidazoline a;-adrenoceptor
antagonist on clonidine inhibited norepinephrine (4 puM)-induced human platelet
aggregation. The effects shown were percent of control response of maximum
stimulation by norepinephrine alone-induced aggregation. Values shown are mean +

SEM of S experiments.
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Figure 6 The effects of clonidine-displacing substance (CDS) extract, a putative

endogenous ligand at imidazoline receptor, on norepinephrine (4 pM)-induced human

platelet aggregation. The effects shown were percent of control response of maximum

stimulation by norepinephrine alone-induced aggregation. Values shown are mean +

SEM of 5 experiments.

* represents significant difference from norepinephrine-induced human platelet

aggregation at p<0.05.
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Figure 7 Concentration-effect curves of imidazoline and non-imidazoline o-
adrenergic agents on ADP (4 uM)-induced human platelet aggregation. The effects
shown were percent of control response of maximum stimulation by ADP alone-
induced aggregation. Values shown are mean + SEM of 5 experiments.

* represents significant difference from ADP alone-induced human platelet

aggregation at p<0.05.
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Figure 8 The effects of (10® —10° M) idazoxan, an imidazoline o,-adrenoceptor
antagonist on clonidine potentiated ADP (4 pM)-induced human platelet aggregation.
The effects shown were percent of control response of maximum stimulation by ADP

alone-induced aggregation. Values shown are mean + SEM of 4-5 experiments.



Piyada Songsermsakul Results / 40

120
100
= 80
= £
<) ~Nud
£ 8
0 60
A
21‘0@ —eo— ADP+Clon.+Yoh.10-8M
N, 40 - —u--- ADP+Clon.+Yoh.10-7M
— o - ADP+Clon.+Yoh.10-6M
20
0 //// T l ' ' '
0 10° 107  10°  10°  10°

Clonidine Concentration [M]

Figure 9 The effects of (10 10 M) yohimbine, a non imidazoline a,-adrenoceptor
antagonist on clonidine potentiated ADP (4 uM)-induced human platelet aggregation.
The effects shown were percent of control response of maximum stimulation by ADP

alone-induced aggregation. Values shown are mean = SEM of 4-5 experiments.
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CHAPTER VI

DISCUSSION

This study aimed to examine the effects of imidazoline and non-imidazoline a-
adrenergic agents on human platelet aggregation. The 2 important platelet aggregating
agents, norepinephrine and ADP have been used in this study. From previous reports,
both epinephrine and norepinephrine have been widely used in the platelet aggregation
study. However, the order of aggregatory potency is R (-)-isomer > S (+)-isomer =
desoxy form (144) and adhered to the Easson-Stedman hypothesis (ESH) for the
stereochemical requirements for the interaction of catecholamines in a-adrenoceptor
system (145). There are varieties of isoforms of catecholamines in human, therefore
the desoxy form of norepinephrine is used in this study.

The results of this study revealed the capability of desoxy form of
norepinephrine  (4uM) in  inducing platelet aggregation.  Although
epinephrine/norepinephrine, in certain céndition, can be considered an aggregating
agent, the aggregatory response induced by epinephrine differed from that induced by
other platelet agonists (19,20,21). Epinephrine fails to aggregate platelets from a
number of human donors and most mammalian species (24). The high prevalence of
impaired platelet responsiveness to epinephrine and other catecholamines in normal
human individuals has been observed in several investigations (146,147). The work
done by Kambayashi et al. (146) suggested that the discrepancy of platelet response

between positive- and negative-responders to epinephrine was associated with the
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decrease in number of aj-adrenoceptors. In the present study, approximately 50% of
blood donors are negative-responders. As it is known that the effects of epinephrine on
platelet and on adenylate cyclase are dependent on the relative densities of ay-and 8-
adrenergic receptors, which depends on each individual and vary from species to
species.

In human, it is known that epinephrine-induced platelet aggregation is
mediated by o,-adrenoceptor stimulation since it is antagonized by az-adrenoceptor
antagonists, such as, yohimbine, phentolamine, idazoxan, but not by a;-adrenoceptor
antagonists, phenoxybenzamine and prazosin (1,2,3,4). In fact, binding studies with
radiolabeled adrenoceptor agonists and antagonists have demonstrated the existence of
op-adrenoceptors on human platelet membranes (5,6,7,8). Antazoline, an imidazoline
compound which is devoid of aj-adrenoceptor activity, was also found to inhibit
norepinephrine-induced platelet aggregation. This study suggested that the compound
interacts with non-a;-adrenoceptor sites on platelets. Moreover, clonidine, a partial
agonist at a;-adrenoceptors that coupled to adenylate cyclase upon activation, by itself
is known to be ineffective in inducing aggregaticn of human platelets but inhibits the
epinephrine-induced aggregation. This study revealed that a,-adrenoceptor antagonists
(yohimbine, idazoxan) were not able to reverse the effect of clonidine on
norepinephrine-induced platelet aggregation completely.

The results from this study implicated that non-adrenoceptor imidazoline
binding sites may play a role in platelet aggregation. Whether this site is imidazoline
receptor, the selective antagonist to this receptor should be used to clarify this site. If

this is the case, the site is likely to be I-1 since clonidine (I-1 agonist) displayed higher
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potency than tolazoline, which is more selective to I-2 than I-1 site. The existence of
imidazoline receptors on platelets aids the explanation of certain atypical properties of
clonidine which are not compatible to a pure (non-imidazoline) ap-adrenoceptors
mediated platelet aggregation (18). However, a more variety of imidazoline and non-
imidazoline compounds should be examined in this study to clarify the role of
imidazoline receptors on platelet aggregation. In particular, the more selective
imidazoline receptor agonists and antagonists that can distinct between op-
adrenoceptor and imidazoline receptor will be useful to confirm this role. Mostly, the
imidazoline receptors are, with the exception of chromaffin cells in the adrenal
medulla (148), co-localized with ar-adrenoceptors, therefore a clear distinction
between them can be difficult to observe. In addition, ligands with affinity to
imidazoline receptors also bind to a,-adrenoceptors, which makes the separation of the
two receptor population even more difficult (52). Only in the human brain a more
distinct localization of a;-adrenoceptors and imidazoline receptors can be found (48).
The mechanism by which imidazoline receptor interacted when catecholamines
stimulate op-adrenoceptor on human platelet remains to be clarified. Although
aggregation or potentiation of aggregation to other agonists of epinephrine-induced
response mediated through o-adrenergic receptors via inhibition of adenylate cyclase,
this is not the only mechanism involved. Since an inhibitor of adenylate cyclase did
not potentiate platelet agonist-induced aggregation and secretion (126). Two
imidazoline compounds (KUM32 and CBS 1276) have been found to act solely
through non ar-adrenoceptor mechanisms to inhibit platelet adenylate cyclase since

their effects were not blocked by the ay-adrenoceptor antagonist yohimbine (14).
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However, no effect on the accumulation of cAMP, cGMP or inositol phosphate were
found in the studies of signaling mechanisms in chromaffin cells activated by I-1
imidazoline agonists (149). Several studies showed that binding to I-1 imidazoline
sites is sensitive to guanine but not to adenine nucleotides, implying coupling to a G-
protein but not a known G-proteins (such as G;, G, and Gg). This has been described in
various tissues and cell lines, including human platelets (18,150). Several lines of
evidence accumulated from recent reports found that I-1 imidazoline receptors are
coupled to phospholipid signaling pathways which results in the generation of
diglycerides and release of arachidonic acid and its metabolites (150). These signaling
may interact with aggregation process induced by catecholamines.

The effect of clonidine-displacing substance (CDS) on norepinephrine-induced
platelet aggregation was observed in this study. Due to small amount of CDS extract
have been prepared (151), the unit_of CDS in this study was rather low. However, low
concentration of CDS used (0.25 unit) displayed a tendency to inhibit norepinephrine-
induced platelet aggregation to 40%. The high unit concentration of CDS (1 to at least
10 units) should be done further to complete the whole range of inhibitory effect of
CDS on adrenaline-induced platelet aggregation.

The fact that spontaneous platelet aggregation in conventional experiniéﬂts
without addition of any inducing substance can be observed in patients with
cardiovascular and cerebrovascular diseases (152). In addition, the existence of CDS
in human serum has been found (61). An appearance of CDS in physiological system
may possess regulatory role to inhibit norepinephrine-induced platelet aggregation and
prevent vascular occlusions. The inhibitory effect on platelet aggregation by

imidazoline compounds is more sensitive to noradrenaline than ADP stimulation. The
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result from this study suggested that imidazoline compounds have a therapeutic role in
preventing platelet hyperreactivity induced by catecholamines. In addition, CDS may

be the endogenous modulator to prevent this condition.
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CHAPTER VII

CONCLUSION

This study demonstrated that imidazoline compounds with or without alpha;-
adrenergic activity can inhibit the norepinephrine-induced platelet aggregation in
human. The inhibitory response of imidazoline compounds is not enﬁrely due to
alpha2-adrenoceptor activation but may associated with nonadrenergic imidazoline
binding sites on platelet. The putative endogenous ligand, clonidine-displacing
substance (CDS) was also found to inhibit norepinephrine-induced platelet
aggregation. Unlike norepinephrine, all imidazoline compounds used in this study did
not show any potentiation or inhibitory effect on ADP-induced platelet aggregation.
The inhibitory effect of imidazoline compounds is more sensitive to norepinephrine-
induced platelet aggregation than ADP. The results from this study suggested that
imidazoline alpha-adrenergic agents have a significance in a pharmacological therapy
for the conditions under which platelet hyperreactivity to norepinephrine occurs. In
addition, CDS may be the endogenous modulator to prevent this condition. The
existence of nonadrenergic, imidazoline-preferring sites (I1 and I2 receptors) have
been reported in human platelets (15,16,17,18). The involvement of imidazoline
receptor activation with this inhibitory effect is plausible. However, the mechanism
that nonadrenergic imidazoline receptor associated with this inhibitory effect of
imidazoline compounds on norepinephrine-induced platelet aggregation remains to be

further investigated.
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APPENDIX

Chemical Structures of imidazoline binding-site ligands
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Guanidine Derivatives

Imidazoline Derivatives

Figure 11 Chemical structure of adrenergic, Imidazoline compounds
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Figure 11 Chemical structure of adrenergic, Imidazoline compounds (cont)
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Table 2 Agonists and platelet receptors

Agonist strenght Antagonist Binding to receptor
Vasopressin Oxytocin -
Serotonin Methylsergide yes
ADP Weak ATP yes
Epinephrine Yohimbine yes
Thromboxane A2 13-Azoprostanoate yes
Arachidonate - -
Prostaglandin analog | intermediate 9,11-Epoxyethano- yes
prostaglandin H2

PAF - yes
Collagen Complement 1q yes
Thrombin strong not known yes
Proteolytic enzyme not known -

From : Holmsen H, Karpatkin S. Metabolism of platelets. In:Williams WJ, Beutler E,

Erslev AJ, Lichtman MA, editors. Hematology. 3™ ed. McGraw-Hill; 1983. p1156.
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Table 3 Agents that influence cyclic AMP formation in platelets

Effect Agent Binding to receptor
Adenylate cyclase
Prostaglandin 12 yes
Promote Prostaglandin D2 yes
Cyclic AMP Prostaglandin E1 yes
Formation Adenosine and some yes
derivatives
ADP yes
Counteracts Epinephrine and yes
cyclic AMP norepinephrine
formation Dideoxyadenosine )
Lithium *
Cyclic AMP Phosphodiesterease
Methylxanthines
Inhibits Papaverine
cyclic AMP Dipyridamole and other
hydrolysis pyrimidopyrimidine

*affects enzyme directly without receptor participation.

From : Holmsen H, Karpatkin S. Metabolism of platelets. In:Williams WJ, Beutler

E, Erslev AJ, Lichtman MA, editors. Hematology. 3™ ed. McGraw-Hill;1983. p1162.
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